We wished to determine whether simultaneous bilateral sequential total knee replacement (TKR) carried increased rates of mortality and complications compared with unilateral TKR in low-and high-risk patients.
The advantages of bilateral total knee replacement (TKR) during one anaesthetic session include patient convenience and a shortened hospital stay and rehabilitation. [1] [2] [3] [4] Conversely, the fear of increased complications deters some surgeons from performing simultaneous bilateral TKR. [5] [6] [7] [8] The risks in TKR are greatly influenced by the patient's general health and, even if simultaneous bilateral and unilateral TKR is safe overall, this may not apply to highrisk patients. The general health of patients has been classified by the American Society of Anesthesiologists (ASA) 9 and most clinical studies have confirmed the safety of simultaneous bilateral TKR in the low-risk subgroups (ASA 1 and ASA 2). [5] [6] [7] [8] It could be argued that the safety of simultaneous bilateral TKR in the high-risk subgroups (ASA 3 and ASA 4) is only of concern if the procedure is truly simultaneous. There is no greater risk if the operations are sequential. In our institution we routinely undertake sequential bilateral TKR under the same anaesthetic unless the patient has a life-threatening disease, and have published our results using mobile and fixed-bearing prostheses. 10, 11 We questioned whether sequential bilateral TKR under one anaesthetic would be more hazardous than unilateral TKR in low-and high-risk patients. We posed five questions: 1) whether the peri-operative mortality rate in those patients undergoing bilateral TKR would be greater than in those having unilateral TKR; 2) whether the peri-operative mortality rate of high-risk patients would be greater than those at low risk in bilateral sequential and unilateral TKR; 3) whether transfusion requirements would be greater in those undergoing bilateral sequential TKR; 4) whether peri-operative morbidity would be greater in bilateral sequential TKR; and 5) whether the outcome in the medium to long term would be similar in bilateral and unilateral TKR.
Patients and Methods
Between March 1994 and January 2003 we enrolled 2437 consecutive patients (4874 knees) admitted for simultaneous bilateral sequential TKR and 735 consecutive patients admitted for unilateral TKR into the study.
They were similar in age, gender, height, weight, body mass index, diagnosis, pre-operative ASA classification, type of prosthesis and mean follow-up (Table I) . A total of 5441 knees (97%) had a varus deformity of between 8° and 25°a nd the remaining 168 (3%) had a valgus deformity of between 8° and 12°. The internal review board of our hospital approved the study protocol, and informed consent was obtained from all the patients.
They were all evaluated pre-operatively by a physician and anaesthetist to exclude those with life-threatening disease. Simultaneous bilateral sequential TKR was generally performed on medically stable patients. A total of 52 patients who were thought not to be medically fit for simultaneous procedures underwent unilateral TKR on the more symptomatic side followed by replacement of the contralateral knee at a later date. In addition, 16 patients in the unilateral TKR group were excluded because they were medically unfit. The total remaining was 2385 patients in the bilateral TKR group and 719 patients in the unilateral TKR group. Post-operative, clinical and radiological evaluation was undertaken at three months and one year and yearly thereafter. The clinical follow-up was by a clinical fellow who was not a member of the surgical team and had no knowledge of the radiological findings. Pre-and postoperative assessments were made according to the system of the Knee Society 12 and of the Hospital for Special Surgery (HSS). 13 Pre-and post-operative radiographs including anteroposterior (AP) and skyline views were assessed for limb alignment, position of the implant and presence and location of any radiolucent lines at the cement-bone interface according to the recommendation of the Knee Society. 12 All radiographs were taken under fluoroscopic control to determine the interfaces critically. Any osteolysis around the components was recorded. The chance-corrected kappa coefficient was calculated to determine intraobserver agreement of the radiological measurements which was found to be 0.68 to 0.85. Statistical analysis. This was undertaken using SPSS for Windows version 10 (SPSS Inc, Chicago, Illinois) with the independent sample t-test used for continuous variables and the chi-squared and Fisher's exact tests for dichotomous variables. Mortality and morbidity rates between males and females were compared using logistic regression analysis with the level of significance set at 5.0% (p ≤ 0.05). The Kaplan-Meier survivorship 14 was used in the analysis of the failure-free rate. Also, Greenwood's formula 15 was used to calculate the confidence interval (CI) of the failurefree rate at a given time.
Results
The peri-operative (until three months after operation) mortality rate of patients who had simultaneous bilateral sequential TKR was similar to that of patients undergoing unilateral TKR. Eight of 2385 patients (0.3%) who had bilateral TKR and five of 719 patients (0.7%) who had unilateral TKR died from myocardial infarction within two and three weeks of the operation, respectively. This difference was not significant (chisquared test, p = 0.738), the peri-operative mortality rate in males was 0.352 times higher than that in females, but again was not significant (logistic regression analysis, p = 0.114).
The peri-operative mortality rate of patients at high risk was similar to that of those at low risk in both groups. Five of 1670 patients (0.3%) at low risk died in the bilateral group and three of 532 (0.6%) at low risk in the unilateral group. This difference was not significant (chi-squared test, p = 0.091). Three of 715 patients (0.4%) at high risk died in the bilateral group and two of 187 (1.1%) at high risk died in the unilateral group. Again, this difference was not significant (chi-squared test, p = 0.089).
Blood transfusion was given to those whose haemoglobin level fell below 8 g/dl post-operatively. Patients who had undergone bilateral TKR had more transfusions than those in the unilateral group (5.6 units, SD 2.1 vs 1.5 units, SD 0.5) (Student's t-test, p < 0.0001), with 75% (1789 patients) of the former and 15% (108 patients) of the latter having allogenic blood. Patients who had bilateral TKR also had a greater amount (paired t-test p < 0.001) of perioperative fluid replacement than those in the unilateral group (4135 ml SD 926 vs 1968 ml SD 511, respectively).
There was no significant difference (chi-squared test, p = 0.735) in morbidity between bilateral and unilateral TKR, either generally (Table II) , or when considered as low (chi-squared test, p = 0.57) or high risk (chi-squared test, p = 0.61; Table III ). There was no reported case of pulmonary embolism as a complication of deep-vein thrombosis or fat embolism. The morbidity rate in males was 0.924 times higher than that in females, but this difference was not significant (logistic regression analysis, p = 0.778).
The clinical results and survival rate of implants at intermediate to long-term follow-up were similar in bilateral and unilateral cases. The mean pre-operative Knee Society knee and functional scores were 27.5 points (16 to 53) and 15 points (0 to 20) respectively in the bilateral group, and 33.0 points (10 to 58) and 17 points (0 to 30) respectively in the unilateral group. The differences were not significant for either the knee (Student's t-test, p = 0.175) or functional scores (Student's t-test, p = 0.125). The mean pre-operative HSS knee score was 39.4 points (6 to 58) in the bilateral group and 42.5 points (15 to 55), in the unilateral group. This difference was not significant (Student's t-test, p = 0.113). The mean Knee society knee and functional Patients who had bilateral TKR achieved the same quality of radiological results as those undergoing unilateral TKR. The alignment of components and the incidence of radiolucent lines were similar in both groups. There were no significant differences in revision rates in the bilateral or unilateral groups (chi-squared and Fisher's exact test p = 0.735). In the bilateral TKR group, 95 of 4770 knees (2%) were revised for osteolysis, 46 (0.9%) deep infection, 28 (0.6%) for aseptic loosening, and ten (0.2%) for supracondylar fracture. In the unilateral group, 14 of 719 knees (1.9%) were revised for deep infection, 13 (1.8%) for osteolysis and one (0.1%) for aseptic loosening. KaplanMeier survival analysis, with revision as the endpoint for failure, showed that the rate of survival at ten years was 96% (95% CI, 93 to 100) in both groups.
Discussion
Our study shows that the peri-operative mortality rate of patients, either at low or high risk, undergoing simultaneous bilateral sequential TKR was similar to that of patients undergoing unilateral TKR. Also, peri-operative morbidity and clinical results were similar in both groups.
There have been many studies on the peri-operative mortality rate in patients having simultaneous bilateral TKR. 5, 7, 16, 17 Many of those comparing under simultaneous bilateral TKR with unilateral TKR found significantly different results. 1, 7, 16 By combining the data from several studies 2,4,7 Oakes and Hanssen 18 reported the incidence of early death as 0.96% in 15 316 bilateral TKRs undertaken under one anaesthetic compared with 0.35% in 50 748 unilateral TKRs. The reported mortality with staged sameadmission bilateral TKR was 0.2%. 19 The mortality risk for bilateral TKR under one anaesthetic is reported to be higher in patients with pre-existing cardiopulmonary disease 17, 20 or advanced age. 21 Conversely, several investigators have reported that simultaneous TKR is associated with minimal or no increase in mortality [1] [2] [3] [4] and our study supports these findings. The low mortality rate of all patients in our study appeared to be attributed to their relatively young age and low prevalence of cardiopulmonary disease. If, however, there was a difference in mortality between the groups, the power of our study was probably too low to detect it.
There are few data in the literature regarding the perioperative mortality in patients at high or low risk in simultaneous bilateral or unilateral TKR. One clinical study suggested that the pre-operative ASA rating was not predictive of any post-operative mortality 6 and our results agree with this. Again, if there was a difference in mortality between the low-and high-risk groups, the power of our study was probably too low to detect it.
Many authors have suggested that the total estimated blood loss and transfusion requirements are significantly higher in patients undergoing simultaneous bilateral TKR than in those having unilateral TKR. 7, 21 In our series, patients who had simultaneous bilateral TKR required more allogenic blood transfusion than those having unilateral TKR.
A meta-analysis of 44 684 TKRs showed that the prevalence of major complications such as pulmonary embolus, cardiac events and death was higher after simultaneous bilateral TKR. 16 Conversely, one clinical study suggested that patients having simultaneous bilateral TKRs who were 80 years or older had a significantly higher incidence of pulmonary, neurological and cardiac complications than patients younger than 80 years. 21 Therefore, it was concluded that age, and not the procedure was more significant. In our study, there was no significant difference in the overall number of major complications between bilateral and unilateral TKR or for the subgroups at low or high risk. Conversely, the overall number of minor complications was significantly higher in the bilateral than the unilateral group. The hospital stay was four to six days longer in the bilateral group.
It has been reported that long-term patient survival, implant survival and the functional outcomes were not significantly different between bilateral and unilateral TKR. 20 In our series, there was no difference in the revision rate between bilateral and unilateral TKR or between patients at low or high risk. Our study has limitations. It was not randomised and all the patients in the series received cemented TKR in a largevolume centre by a surgeon specialising in joint reconstruction. This may limit the applicability of the findings to other centres. Also, it is possible that a type-II error may have occurred because of a sample size which was less than sufficient. Because of the very low mortality after TKR in general, an extremely large, perhaps impractical, number of patients would be required to avoid the possibility of such an error.
A strength of our study was that it was undertaken prospectively with detailed data relating to complications and with a reasonable length of follow-up.
In conclusion, we found that simultaneous bilateral sequential TKR was as safe as unilateral TKR and may be offered to low-or high-risk patients. The outcome is generally excellent in both unilateral and bilateral cases.
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